This work is detailed towards ascertaining the thermodynamics and kinetics considerations for the production of caustic soda from brine and soda ash. The thermodynamics considers the Gibbs free energy; which is the minimum electrical work that must be supplied to an electric cell to drive the electrochemical reactions and its relationship with other thermodynamic parameters. The kinetics aspect of this research deduces the reaction rate equations and also predicts via feasible calculations the rate of the reaction, rate constant and order of the reaction. The examination of the thermodynamic analysis shows that the reaction is exothermic, positive value of entropy indicates that there is intrinsic energy which can be converted into work by a perfect electrolytic reaction process. The work determines the extent and the rate of the production process of caustic soda production and as such a pilot plant production of caustic soda from naturally occurring seawater via the diaphragm cell may be developed. The results obtained have shown that the cell potential using the Nerst equation for the production of optimum product caustic soda are: E = 0.5232 volt and the reaction is of second order. The rate of the reaction 
This work is detailed towards ascertaining the thermodynamics and kinetics considerations for the production of caustic soda from brine and soda ash. The thermodynamics considers the Gibbs free energy; which is the minimum electrical work that must be supplied to an electric cell to drive the electrochemical reactions and its relationship with other thermodynamic parameters. The kinetics aspect of this research deduces the reaction rate equations and also predicts via feasible calculations the rate of the reaction, rate constant and order of the reaction. The examination of the thermodynamic analysis shows that the reaction is exothermic, positive value of entropy indicates that there is intrinsic energy which can be converted into work by a perfect electrolytic reaction process. The work determines the extent and the rate of the production process of caustic soda production and as such a pilot plant production of caustic soda from naturally occurring seawater via the diaphragm cell may be developed. The results obtained have shown that the cell potential using the Nerst equation for the production of optimum product caustic soda are: E = 0.5232 volt and the reaction is of second order. The rate of the reaction 9.2591 10 cm s K chemistry of the chlor-alkali electrolytic production of caustic soda is simple to understand, the design and operational issues are vastly complex [4] [5] . Presently, the raw material required for the production of caustic soda is rock salt. This has to be imported from West Indies, Australia, or Europe initially until such a time that local supply of rock salt is feasible or the government puts in place the necessary enabling environment for the development and sustenance of industries in the country.
During the industrial production of caustic soda, chlorine is also obtained simultaneously by the electrolysis of brine (salt solution). The electrolytic dissociation of brine is carried out in a specially designed cell. The final products are caustic soda, chlorine and hydrogen. The caustic soda plant consists primarily of a huge assemblage of unit cells. The design and construction of the unit cells remain a closely guarded secret of the manufacturers which fact accounts for the reluctance of plant manufacturers to supply caustic soda plants to foreign countries. Design methodology for parametric study and thermodynamic performance evaluation of natural gas process plant has been developed by Ujile and Amesi [6] . The results obtained show the comparison of the coefficient of performance, compression ratio, isentropic work, actual work, electrical power requirements, cooling water consumption in intercoolers, compressor power output, compressor capacity, isentropic, volumetric and mechanical efficiency of the two-stage refrigeration unit with a flash gas economizer and these were compared with the designed specifications. However, the thermodynamic process for the electrolysis of brine has not been established. Sandler [7] proposed that electrical work can be obtained from controlled chemical reactions, but not if the reaction is allowed to proceed simultaneously. It is on this basis that cell potential is developed. Furthermore Nerst equation is used to find the cell potential at any moment or conditions other than standard state [8] .
Thermodynamics Considerations
The change in Gibbs free energy, ∆G is the minimum electrical work that must be supplied to an electric cell to drive the electrochemical reaction [9] .
Besides, free energy and equilibrium constant are related by the following equations:
The change in free energy is defined as the change in enthalpy as follows [10] [11] [12] : Transforming the equation from ideal system to real system, the concept of fugacity and activity are introduced [13] . This could be achieved by considering the free energy in a differential form as:
Equation (4) can be transposed with other relations into Equation ( 
Kinetics Considerations
The kinetics aspect of the work was based on the fact that electrochemical reaction comprises the transfer of electrons between an electronically conducting electrode and an ionically conducting electrolyte.
Rate of electrochemical reactions: These are heterogeneous chemical reactions whose activation energies can be altered by varying the potential difference. It differs from other heterogeneous reactions in that electron transfer occurs between the electrodes and the reactants during one step of the overall process [14] .
The reaction proceeds at different rates with the variation of potential difference across the interface. The similarity of electrochemical reactions with heterogeneous reactions is that it involves the transfer of complex ions, hydrated cations and anions across the interface. A charge transfer across such an interface implies chemical transformation. The rate of such Faraday's process can be measured by the current passed or produced as the case may be.
Considering the passage of a current of (i) amperes for (t) second to cause the decomposition (dissolution) of (w) grams of a substance of equivalent weight E and molecular weight, M (stated from Faraday's laws of electrolysis) we obtained Equation (6) [12] .
Also from second law it is deduced that;
where F = Faraday's constant or quantity of electricity called Faraday.
Note; one Faraday discharges one mole of ions of a univalent element such as hydrogen, sodium, silver and chlorine [15] .
Combining Equations ( (6) and (7)) we have,
where; E n M × = (n is the number of electrons involve in the electrode reaction). I is the current density.
Equation (8) 
If the rate in mol/s is expressed as r, the above equation can be written as
Since electrode reactions are heterogeneous, the rate must be expressed as the number of moles per unit area (c) per unit time [14] .
Example is mole cm
. This is achieved by dividing both sides of Equation (10) by the area (A) of the electrode
where
Thus, it is seen that current density is directly proportional to the rate of an electrochemical reaction.
For a first order electrochemical reaction with respect to a reactant, applying Equation (12)
where K 1 is the first order rate constant for the electrochemical reaction. [14] .
Considering the reaction mechanism of brine (Sea water), we take the overall reaction as:
Brine and soda ash give:
{ } 
Assuming a pseudo homogenous reaction, we can deduce that our reaction is a second order reaction;
Note: pseudo-order reactions are reactions whose actual order is different from that expected using rate law expression [16] .
From the above reaction assuming pseudo-second order implies that excess of reactant B (H 2 O) was used such that its concentration remains constant all through the reaction [17] .
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Limitations of Other Works
Although the research above gave a proper analysis on the make-up of a membrane cell which is synonymous to a diaphragm cell and also considered few thermodynamics and kinetics parameters. The following limitations were noted:
• Except the Gibbs free energy, no other thermodynamic parameter was considered (lack of broader knowledge of other thermodynamic parameters related to electrochemical cell).
• The kinetics of the reaction was not also given in details as properties such as rate constant, rate of the reaction and order of the reaction were not considered.
• The source of the brine used whether natural (sea water) or dissolved salt solution was not stated.
The aim of this work therefore involves the thermodynamics and kinetics analysis of caustic soda production from sea water and soda ash. Limitations of other works are considered to establish conditions for high yield of caustic soda production from kinetics and thermodynamics.
Material and Methods

Materials
The necessary materials used for the work are as follows: A bath, Carbon gra- 
Experimental Set-Up
The experimental set-up consists of electrolytic cell with anode and cathode compartments.
Connection of the Electrolytic Cell chlorine gas hydrogen gas 
Methodology for Caustic Soda Production
The method used for the production of caustic soda was the electrolysis of brine with the use of diaphragm electrolytic cell as shown in Figure 1 . In this method, the characterization of the seawater was carried out and the salinity, density and pH of the feedstock (sea water) were first ascertained.
The seawater was poured into the beaker and the portable pH meter was dipped inside the beaker containing brine where its reading was noted. The pH of the seawater was 7.4
An alternating current to direct current converter with an input voltage of 220 V and a varying voltage of 3, 4.5, 6, 7.5, 9 and 12 volts with a constant current of 1000 mA was used to switch power to the diaphragm cell. At 3 volts, 4 liters of the feed (Sea Water) was charged into the diaphragm cell through the entry point at the anode compartment with a constant temperature of 28˚C and after 3 hours, the product (caustic soda) was withdrawn from the exit point at the cathode compartment below the depleted brine exit point. The depleted brine was withdrawn. During this process, hydrogen gas evolves and left the cell through the opening on the cork at the cathode (stainless steel). Chlorine gas also evolves and exits the cell through the opening on the cork at the anode (graphite) compartment. The density of the product (caustic soda) produced was calculated.
This process was repeated for various voltages such as, 6 volts, 7.5 volts, 9 volts and 12 volts and their various densities were measured (see Figure 2 for the laboratory set-up).
The researchers decided to introduce soda ash to the process stream and Equation (17) was obtained. This is to enhance the concentration of the caustic soda formed/recovered. Common ion effect influences ionic strength of electrolytes.
Therefore this work involves the addition of soda ash, to enhance the yield and strength of caustic soda obtained. gaseous form) move either by gravity and or expenditure of energy from one compartment to the other for quality control purposes and to maintain product specifications [19] . This was applied in this work.
NaCl Na Cl
Results and Discussions
The Nerst equation was applied with the use of optimum values of feed and products. The details of the overall reaction and calculations are shown in Appendix 1.
The sample of free energy calculations is shown in Appendix 2.
The values of the voltages applied and the corresponding yields/concentrations of caustic soda obtained are shown in Table 1 and Figure 3 .
ΔG represents the free energy change. Free Energy change is a combination of enthalpy change, entropy change, and temperature that can be used to determine whether a process is spontaneous or nonspontaneous. It is used to predict reaction's spontaneity of a reaction with constant temperature and pressure.
Solving for rate of reaction and rate constant using values of the optimum feed (dehydrated brine) and product (caustic soda produced from the brine at 12 V) as shown in appendix we obtained the order of the reaction.
The salinity (salt concentration) value of our brine is 19.9 g/liter (obtained from salinity test for dehydrated brine below) and the time that was used for the electrolysis of the optimum product was 3 hours which is equivalent to 10,800 seconds. The sodium ion produced are not liberated first as metal through the electrode due to its higher potential discharge compare to hydrogen, but will be in solution form with the hydroxyl ion in the cathode department and it is concentrated by evaporation before collection.
The cell potential using the Nerst equation for the production of optimum product (caustic soda produced at 12 V using the dehydrated brine), 0.5231 volt E = . The reaction is of second order. The rate of the reaction 
Conclusions
The results obtained have shown that the cell potential using the Nerst equation
for the production of optimum product caustic soda are E = 0.5232 and the reaction is second order.
The yield of the desired product (caustic soda) increased not only with increased voltage, but also with increased mass of soda ash added to the brine solution. The final concentration of Na + has contributions from NaCl and Na 2 CO 3 .
In the presence of a second source of Na + , salt was less soluble as one of its constituent ions was already present in the solution.
The thermodynamic analysis based on the change in the Gibbs free energy of the system that work was done by the cell on the surrounding which implies that the system requires higher electrical energy for its effectiveness. The highlight of this work is shown in Appendix 3.
Recommendations
• We recommend that in the manufacture or production of a highly concentrated caustic soda by the process of electrolysis, highly saturated brine should be used and the voltage of the system should be kept at 12 V and above for maximum results.
• Further studies on the use of alternative membrane instead of asbestos as the latter are not environmentally friendly but produces high quality/purity caustic soda. Asbestos membrane allows only the passage of the Na 
Appendix 3. Highlight
• Common ion effect influences ionic strength of electrolytes of the process.
• In the presence of a second source of Na + , salt becomes less soluble one of its constituent ions is already present in the solution. The source was obtained from the addition of soda ash in the process which increased the yield of the desired product.
• Thermodynamics and kinetics of the process could enhance the scale-up design process of the manufacturing equipment for caustic soda production.
